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(54) TlUc: SOLID POLYMER FUEL CELL COMPRISING HUMIDITY-EXCHANGING AREAS 



(57) Abstract 

For the purpose of humidifying anode gases (17) 
with the aid of moisture present or in cathode gases (16) 
taken up it is proposed that the gases, in the cell or in 
the direct vicinity thereof, be caused to enter a humidity- 
exchanging relationship. In the case of the method being 
implemented in the cell, the anode (12) and the cathode 
(11) arc designated as strips provided with catalyst (14, 
15) and the areas (18. 19) inbctwccn as portions which are 
not provided with catalyst. These portions not provided 
with catalyst, which are non-active or less active, provide 
for optimal water permeability. 
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Solid polymer fuel c 11 comprising 
humidity-exchanging areas 

Th pr sent invention relates to a solid polymer fuel 
cell, comprising an anode, electrolyte/diaphragm and cathode, and 
a supply and exhaust of gases on both the anode and the cathode 
side, the anode comprising areas provided with catalyst for 
carrying out the electrochemical reaction and, adjacent thereto, 
areas not provided with catalyst for absorbing moisture via elec- 
trolyte/diaphragm . 

Such a device is known from US Patent No. 4,973,530. 
It is necessary for anode gases, in particular, to be 
humidified, in order to keep the polymer/electrolyte sufficiently 
ffioist, so that optimal ion conductivity in the cell can occur and 
the latter thus has an adequate output. This is because, during 
operation of a solid polymer fuel cell, the transport of H* is 
accompanied, simultaneously, with the transport of water in the 
same direction. Although the phenomenon of water molecules being 
carried along by protons is compensated for, to some extent, by a 
diffusion of water molecules back to the anode, depletion of water 
takes place at the anode side of the cell with a corresponding 
poor conductivity for protons and a decrease in the output and 

performance of the cell. 

The abovementioned US Patent No. 4,973,530 proposes to 
cause the gases to cover a serpentine trajectory across the 
25 electrode in question. The electrode which is provided with 

catalyst is bordered by an area which is not provided with elec- 
trolyte material, but where a water-exchanging diaphragm is 
present. Since the serpentine always covers a portion of the area 
where the water-exchanging diaphragm is present, it is possible 
for water to be taken up at the anode side. The converse process 
takes place at the cathode side, water being given off via a 
water-exchanging membrane and a water-absorbing medium. 

It will be understood that at the anode side, based on 
this supply of water in the direction of the cell up to the point 
where the serpentine again reaches the water supply, the water 
concentration will decrease. Thus, a kind of sawtooth-like profile 
of the moisture concentration in the cell will be obtained. As a 
result, performance and output will have a corr spending profile. 

The drawback of such cells is the pr senc of serpent ines 
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which require expensive separate processing steps. 

In the embcxJiment according to said US Patent, f nr 
different mass flows are present: the anode gas, the cathode gas, 
the medium (water) for humidifying the anode gas, and the medium 
5 for removing the water from the cathode gas. These mass flows need 
to be kept separate from one another in a reliable manner. 

Moreover, the medium which has removed the water from the 
cathode gas stream should be stripped of water, before said wat r 
can be passed through the humidifying sections of the anode 
10 stream. This requires fiarther expensive provisions. 

The object of the present invention is to provide a fuel 
cell wherein such a serpentine supply or exhaust of gases is 
unnecessary and which can therefore be accomplished in a simple 
manner. Moreover, the depletion in terras of water vapour should be 
I ^ 15 compensated for at each point of the electrode and not just at one 
point . 

This object Is achieved, in an above-described solid 
polymer fuel cell,, in that the areas provided with catalyst 
comprise strips which are bounded, at least on their long sides, 

20 by areas not provided with catalyst, which areas without catalyst 
have a minimum width of 1 mm. 

By virtue of the portions provided with catalyst being 
designed as strips which are bordered by non-active or less active 
portions as a result of the absence of catalyst, provision is 

25 effectively made, at each point of the active portion of the 

electrode, for compensation of the depletion in moisture by water 
molecules being carried along together with H"^. 

It should be noted that the Japanese Patent Abstract No. 
58-126675 discloses the use of a platinum mesh disposed on the 

30 diaphragm. Such a mesh is used to increase vibration resistance. 

Although this publication does not give any dimensions, it can be 
assumed, presuming that the thickness of the membrane is between 
100 and 200 |im, that the spacing of the platinum wires is in th 
order of 50 jtm, in contrast to the present invention where the 

35 spacing betw en the ar as provided with catalyst is at least 1 mm. 
If the spacing is as small as shown in the "Abstract" of the 
Japanese Application No. 58-126675, the effect of certain ar as 
not being active is not produced, and that entire portion of the 
diaphragm which is covered with platinum gauze, should be regarded 
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as one active area for the electrochemical reaction. 

The European Application No. 0 654 837 Al , piablished 
after the pri rity date of the present application, proposes a 
saving in catalyst, in this case, the supply of gases takes place 
via corrugations, and where the corrugations touch the electrodes, 
the gases will be less active. Precisely at those points, less 
catalyst is applied. This, however, requires the accurate 
positioning, on top of one another, of the areas which are not 
provided with catalyst and of the corrugation. Moreover, in such 
areas it will also not be possible to move water back to the anode 
side, because of the obstructing portion of the corrugation. 

The above -described design is of particular importance at 
the anode sxoe oecause it is tnett? v.nc»u ^<x^^*, 
place . 

15 However, it has proved to be advantageous for the cathode 

side to be designed in the same manner. 

In order to optimize, as far as possible, the effect of 
water being moved back, the gas supply at the anode and the 
cathode, respectively, is preferably positioned so as not to be 

20 parallel to the strips in question. More in particular, it is 

perpendicular to the strips. The strips may be straight but may 
likewise be of any shape known in the prior art, such as a zigzag 
shape. 

The invention also relates to a method for fabricating an 
25 above-described anode and/or cathode. In the process, there are 
provided a support not provided with catalyst and a slurry 
comprising carbon and catalyst, the slurry being applied to the 
support or to the polymer/electrolyte, in the desired pattern, by 
printing. 

30 Of course, it is also possible to use other methods to 

apply the pattern in question to a support or to the 
polymer/electrolyte. By means of the invention the advantage is 
achieved that the cathode gases and anode gases enter a direct 
humidity-exchanging relationship, without use being made of water- 

35 separating facilities which are customarily incorporated in the 
cathode exhaust gas str am, without means for transferring said 
water to chambers which nter into a humidity-exchanging relation- 
ship with the anode gases, and without the need for compartments 
incorporat d in the cell or in the immediate vicinity thereof and 
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intended to enable humidity exchange with cathode gas or anode 
gas . 

Thus, it is possible for the catalyst (slurry) to be 
applied to the support or directly to the polymer, the support 
5 then being positioned against the polymer electrolyte provided 
with catalyst. 

The invention is explained below in more detail with 
reference to the illustrative embodiments shown in the drawing, in 
which 

10 Fig. 1 shows diagrammatical ly, in section, an SPFC cell, 

humidity exchange between cathode and anode gases taking place at 
the edge of the cell. 

Fig, 2 shows, on a reduced scale, the entire cell 
according to Fig. 1 in top view; 

15 Fig. 3 shows a second embodiment of the invention in 

section, exchange of humidity taking place in the cell; 

Fig, 4 shows a top view, on a reduced scale, of the cell 
according to Fig. 3; and 

- Fig. 5 shows a top view of a variation of the embodiment 

20 according to Figs. 3 and 4. 

Fig. 1 schematically depicts a detail of a solid polymer 
fuel cell. Only those parts are shown, which are important for 
understanding the present invention. 

This cell is composed of a cathode 1 and an anode 2 

25 between which a polymer diaphragm/electrolyte 3 is inserted. The 
cathode and anode are provided with catalyst, respectively 
indicated by 4 and 5. Arrow 6 indicates the motion of the oxygen- 
containing gas stream, whereas arrow 7 shows the movement of the 
fuel gas. It should be understood that both gases are passed over 

30 the electrodes via some sort of duct system. Likewise it should be 
understood that the indicated direction of movement of anode gases 
and cathode gases should be seen as preferred directions for 
obtaining an optimum result, but that other directions likewis 
fall within the scope of the invention described herein. Moreover, 

35 the cell may be a stacked cell. 

Fig. 1 shows that there is no catalyst near th edge of 
the fuel c 11. There, the anode and cathode are non-active with 
respect to effecting proton transport and are particularly porous . 
The cathode gas, whose oxygen has been consiimed in its entirety or 
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in part contains, near the edge, a very high proportion of wat r. 
Owing to the anode gas, represented by arrow 7, being relatively 
dry, diffusion of water through electrolyte 3 will take place. In 
Fig. 2, the embodiment according to Fig. 1 is shown in its 
5 entirety in a view reduced in size. This shows that the left-hand 
edge area is intended for the diffusion, whereas the right-hand 
portion comprises the fuel cell proper. In the left-hand edge 
portion, water will move from cathode 1 to anode 2 and in the 
right-hand edge portion in exactly the opposite wa^. 

10 Fig. 3 shows a further alternative of the invention. In 

this figiire, the movement of water is likewise represented 
schematically. 

The cathode is indicated herein by 11, the anode by 12, 
the electrolyte by 13, the catalysts by 14 and 15, whereas the, 

15 arrow for oxygen-containing gas is indicated by 16 and the arrow 
for fuel gas by 17. It is clear that this cell contains areas 
(indicated by 18 and 19) where there is no catalyst, i.e. which 
are non-active or less active. 

This figure shows that in the areas which are active and 

20 provided with catalyst, transport of water takes place from the 
anode 12 to the cathode 11. This gives rise to humidif ication of 
the cathode gas and water depletion of the anode gas. In the non- 
active portions precisely the opposite transport takes place. 
Because no reaction takes place there, transport of water will be 

25 determined exclusively by a diffusion mechanism and will not be 
prevented by the flow of protons. 

By situating such non-active areas in the cell it is 
possible to provide, even in situ enrichment with water. As Fig. 3 
shows, continuous humidif ication of the anode gases takes place 

30 and it is not necessary to add separate installations for removing 
the humidity from the cathode gas. 

It should be understood that the figures are not drawn to 
scale. The thickness of the diaphragm 3 and 13, respectively, is 
usually in the range between 25 and 200 |imT The thickness of the 

35 electrodes is approximately 00 Isic]-400 jim. 

Fig. 4 shows a top view of the cathode on a reduced 
scale. This shows that a series of areas which are less active 
alternates with a series of areas or strips which are active. The 
width of an active strip can be betwe n 6 and 10 mm, whereas the 
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width of th portion not provided with catalyst is greater than 
1 nun and is pr ferably 2 to 3 nun. Generally it can be assumed that 
the ratio not covered with catalyst/covered is 1/5 - 1/3. Thus the 
distance which the water has to cover can be made as short as 
5 possible. In order, moreover, to make the design as robust as 

possible and achieve further optimization, the design according to 
Fig. 5 can be applied, in which 20 indicates the active areas. 

It will be understood that the design shown in Figs. 4 
and 5 obviously, and in the first instance, also applies to the 

10 anode side. 

Although it has been stated, in the above, that the 
intended transport of humidity from cathode back to anode can be 
achieved by simply omitting the catalyst, this can be realised 
with any method known in the prior art. Thus it is possible for 

15 the electrode, in the areas in question, to be removed in its 
entirety. 

The design shown with reference to Figs. 1-5 can be 
applied to each cell or a series of cells. 

The above-described pattern of strips provided with 

20 catalyst and strips not provided with catalyst can be applied to 
the electrode in any manner known in the prior art. Preferably, 
printing is employed, since the slurry used for the catalyst can 
be adapted in a simple manner so as to have rheological properties 
comparable with printing ink. Thus, printing can be effected in a 

25 simple, accxarate manner. This printing can take place with any 
method known in the prior art, such as screen printing, rotary 
printing and jet printing. 

It was found that if, with respect to the active ar a, 
the non-active area having a surface area of 20% of the active 

30 area is used, sufficient recovery of water can be obtained to 

obviate additional installations. If required, separate means such 
as cavities may be present to collect the water and to 
redistribute it. Moreover, it is possible for the active and non- 
active areas to be completely separate from one another and to be 

35 situated at some distance from one another. The feature essential 
for the invention, which is that the cathode gases serve as a 
humidity (water) carrier, is maintained in such an embodiment. 

These and other variations are deemed to be within the 
scope of the accompanying claims. 
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Claims 

1, Solid polymer fuel cell, comprising an anode (12), 
electrolyte/diaphragm (13) and cathode (11), and a supply and 
exhaust of gases on both the anode and the cathode side, the anode 

5 comprising areas provided with catalyst (15) for carrying out the 
electrochemical reaction and, adjacent thereto, areas (19) not 
provided with catalyst for absorbing moisture via electro- 
lyte/diaphragm, characterized in that said areas provided with 
catalyst comprise strips which are boiinded, at least on their long 
10 sides, by areas not provided with catalyst, which areas without 
catalyst have a minimum width of 1 mm. 

2. Solid polymer fuel cell according to Claim 1, the cathode 
comprising areas provided with catalyst for carrying out the 
electrochemical reaction and, adjacent thereto, areas not provided 

15 with catalyst for giving off moisture via the 

electrolyte/diaphragm, wherein said areas provided with catalyst 
comprise strips which are bounded, at least on their long isides, 
by areas not provided with catalyst, which areas without catalyst 
have a minimiim width of 1 mm. 

20 3. Solid polymer fuel cell (SPFC), wherein the gas supply 

takes place at the anode and/or cathode at an angle; with said 
strips . 

4. Solid polymer fuel cell according to Claim 3, wherein the 
gas supply takes place at the anode and/or cathode essentially 

25 perpendicular to said strips. 

5. Solid polymer fuel cell, wherein said strips are designed 
in a zigzag shape. 

6. Solid polymer fuel cell according to any one of the 
preceding claims, wherein the catalyst comprises platinum. 

30 7. Method for fabricating an anode/cathode according to any 

one of the preceding claims, comprising the provision of a support 
not provided with catalyst and of a slurry comprising carbon and 
catalyst, wherein the suspension is applied to the support, in the 
desired pattern, by printing. 
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